The purpose of this study is to verify the causal relationship between the smartphone addiction proneness, mental health, and impulsiveness of high school students in Korea. 804 first and second year high school students participated in the survey that included the Smartphone addiction scale, Korean Brief Mental Diagnosis Exam -the highest 25% of total score (Addictive SmartPhone Use Group : ASPUG 213 persons), the lowest 25% of total score(Non-Addictive SmartPhone Use Group : NASPUG 204 persons), BIS-II Impulsiveness Scale and additional questions asking for demographical characteristics. The outcomes of this study were as follows. First, sex, grade of high school, academic accomplishment, student's satisfaction with school life, monthly allowance, the level of parental respect, having a opposite sex friend were related to smartphone addiction and impulsiveness. Second, ASPUG had worse mental health and impulsiveness than NASPUG, and the difference was statistically significant. Third, Students showed higher levels of mental health 9 subareas -anxiety, depression, phobic anxiety, Somatization, obsessive compulsive, interpersonal sensitivity, hostility, Paranoid ideation, Psychosis as their smartphone use increased.
INTRODUCTION
The use of smartphone has become a necessity and makes our lives more convenient, but it also causes problem such as a smartphone addiction during adolescence. Adolescence is a transitional period of development involving rapid psycho-social and physical changes [1] . Among adolescence, 16~19 years of age is 91.73%. The survey of 1,088 middle and high school students reported that 46.3% sent text messages during the class and 38.2% sent more than 1000 text messages per month. They were more likely to send a text message than make a phone call. smartphones are attractive as a tool for communication and interpersonal interaction, there has been an increased risk in its problematic use [2] [3] . Adolescents in Taiwan use smartphones to call others, to send text messages, to play electronic games, to take pictures, and to access the internet, and problematic use of smartphone use could be considered as one form of technological addiction [5] . Research shows that many adolescents used their smartphone addictively. The students used smartphone even while riding their bicycles [6] .
Adolescents use their smartphone more addictively if they have an impulsive personality [7] . Those who use smartphone problematically exhibit a bias toward extroversions, and low-self esteem but not neuroticism. Also, smartphone use is an important part of life for many adolescents, but problematic smartphone use may complicate physiological and psychological problems. [4] . Yang et al(2010) reported that there were positive associations between problematic smartphone use and aggression, insomnia, smoking cigarettes, suicidal tendencies, and low self-esteem in all groups with different sexes and age [8] . An addictive person tend to feel depressed, lost, and isolated without a smartphone [9] . Of the students studied, 89.7% were found to use smartphones at school, and impulsiveness, anxiety, and stress were significant discriminating factors on smartphone use between addictive and normal groups of middle school student in South Korea [7] .
Sánchez-Martínez & Otero(2009) [10] reported that 96.5% of the subjects of high school students had their own smartphone(80.5%), and 15.9% had two or more.
And 54.8% of the students take it to school and 46.1% keep it on during classes; 41.7% use it intensively.
Intensive smartphone use was also associated with females, rural school location, good family income, smokers, excessive alcohol consumption, depression, smartphone dependence, and school failure [10] .
Therefore, it is found to be necessary to identify the differences between addictive and non-addictive smartphone use groups. This goal of this study is to provide the basis for developing health education materials that promote appropriate smartphone use and to prevent smartphone addiction-related problems. To this end, the study identified the differences between smartphone use among high school students and the effects of smartphone addiction on students' mental health and impulsiveness.
METHODS
850 first and second year high school students participated in the survey and 804 were used for final analysis. A survey was conducted for about two weeks from May 20th, 2008 to June 3rd, 2008. In order to distribute and collect the surveys, an indirect questionnaire method involving the school nurse and homeroom teachers of each school was applied.
Measurements
Researcher's Operational definition : the number of students whose total score of smartphone addiction belongs to the highest 25% (addictive smartphone use group -ASPUG) was 213 and the lowest 25% (non addictive smartphone use group-NASPUG) was 204.
The variables were smartphone addiction, mental health, and impulsiveness. (Table 1) .
Mental health
The standardized 'Korean Brief Mental Diagnosis Exam; SCL-90-R' was used to examine mental health, and this scale consisted of 90 items that asked about the s symptom experiences during the previous week.
There were 9 sub-scales that consisted of somatization, obsessive compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation and psychosis. Possible response of 1 item ranged from 1 (never experienced) to 4 (severe). This scale was developed by Kim, Won & Kim(1978) [13] .
Cronbach's α of this scale in this study was .979.
Higher the score of this scale means lower mental health.
Impulsiveness
The Barrett Impulsiveness Scale Ⅱ [14] which was adjusted for Korean by Lee(1992) [10] was used to examine impulsiveness and this scale had 23 items that consisted of cognitive impulsiveness (6 items), motor impulsiveness (8items) and non-planning impulsiveness (9 items 
RESULTS

Differences of demographic variables by groups
There were significant differences in gender, type of high school, academic accomplishment, the level of a student's satisfaction with school life, whether or not a student has a friend of the opposite sex, spending money per month, and the level of parents' respect for a student between non-addictive mobiles use group and addictive use group (Table 2 ). This results means that female students were more addictive than male students and vocational high school students were more addictive than academic high school students.
Besides, addictive group had more poor academic accomplishments, lower satisfaction with school life, more having an opposite sex friend, more spending money per month, and lower parents' respect for student. (Table 3 ).
Differences of mental health by groups
With regard to the difference of the index of students' mental health according to their scores of smartphone addiction, the average score of the group with higher addiction score was higher than that of the group with lower score. In addition, in all of nine sub-areas the average scores of the two groups were significantly different (Table 4) .
Differences of Impulsiveness by groups
In respect to the difference of students' impulsiveness according to their scores of smartphone addiction, the addictive group displayed higher average score than the group with lower score. Besides, in all of three sub-areas, the two groups showed significant difference in their average scores (Table 5 ).
DISCUSSION
Differences of demographic variables by groups
Many studies reported that female students were more addictive than male students. Female students were tend to react more emotionally and talk with others was one of the coping strategies for them, so they would more prefer to use smartphone than male students [3, 5, 21] . This study also shows that female students were more addictive than male students and this difference was statistically significant. Girls, children with no siblings, children who were members of a sport club, and children who played computer games daily were more likely to own and use smartphones regularly [16] . In the case of internet addiction study, Lam et al [17] also reported that their results suggested a 50% increased odds for males to be addicted to the Internet (OR = 1.5, 95% CI = 1.1-2.2) when compared to females. According to the results of this study, teachers should have more consideration on gender differences. Girls, children with no siblings, children who were members of a sport club, and children who played computer games daily were more likely to own and use smartphones regularly [16] . In the case of internet addiction study, Lam et al [17] also reported that their results suggested a 50% increased odds for males to be addicted to the Internet (OR = 1.5, 95% CI = 1.1-2.2) when compared to females.
According to the results of this study, teachers should have more consideration on gender differences.
Vocational high school students were more addictive than academic high school and this difference was statistically significant. This result were same as Yang (2002)'s study [8] . Addictive group had lower academic accomplishment. It showed that addictive smartphone use could affect on academic accomplishment like in other studies [18] . It means that education of right use of smartphone for students was needed. Addictive group showed more unsatisfaction with school life, and this results assisted the result of the study that intensive smartphone use was associated with school failure [10] . 36.2% of addictive group had an opposite sex friend while 13.2% of non-addictive group had an opposite sex friend. This means that the students who had opposite sex friend wanted to communicate with each other. A survey reported that the people who live with their family, friends, or colleagues used smartphone more frequently than people who live alone.
The unmarried rather than the married, and people who have many intimate friends or colleagues than people who have a few friends or colleagues have much amount of smartphone used [3] . Addictive group spent more money per month. Addictive group should pay higher smartphone use fee, so this result was natural.
Addictive group had lower parents' respect for student, this means that the communications between addictive group students and their parents were poor. 
Differences of smartphone use by groups
There were significant differences between ASPUG and NASPUG. More ASPUG students(35.2%) have used their smartphone above 4 years, it means that they used smartphone during a longer period than NASPUG students (21.1%), and more ASPUG students (45.1%) have possessed smartphones since they were freshman of middle school (7th grade) than NASPUG students (35.8%). [18] reported that most of the subjects of high school student used smartphone since 9th grade. These results mean that our adolescents tend to use their smartphones earlier than before. The earlier the adolescents begin to use smartphone the more they need to learn the appropriate using. More ASPUG students (57.3%) used their smartphone above 4hours per day than NASPUG students (14.2%) and ASPUG students spend more smartphone use fee than NASPUG students. According to the result of this study, we can predict that the students can become addictive if they if they used smartphone longer.
More ASPUG students (54.5%) used text messages above 100 than NASPUG students (16.6%) and 83.6%
of ASPUG students used smartphone during the classes. 89.2% of ASPUG students experienced of being scold for inappropriate smartphone use. A survey reported that teens usually use SNS while over thirties usually use speaking call. In the twenties, the group of collage students use SNS mostly and business group use speaking call mainly [3] . This results mean that addictive smartphone use group students could not focus on their class appropriately their classes due to using smartphone, and they might be scolded for inappropriate smartphone use by teachers. therefore the students need to educate the right use of smartphone.
Smart-phone addiction had a significant influence on sociality development in negative way [18] . 
Differences of mental health by groups
In ASPUG, the means of somatization, obsessive-compulsive, depression, anxiety, hostility, phobic anxiety, paranoid ideation, psychosis were higher than in NASPUG. This result means that ASPUG had worse mental health than NASPUG. There were significant differences in the mental health between ASPUG and NASPUG.
Song (2006), Shin et al(2011) reported that the higher in smartphone addiction score, somatization, depression, anxiety, hostility, psychosis were higher [19, 20] . These findings suggest that problems with smartphone e-mail may have a considerable effect on the emotional status of young teens. Massive smartphone e-mail stress should be a new focus of mental health intervention in young people in Japan.
The findings of this study align with suggestion that problematic or excessive smartphone use may lead to worse mental health.. Keum(2013) also reported the causal relationship between smartphone addiction proneness and mental problem of youth in Korea [21] .
From treatment perspective, we feel that future research should focus on which changes in smartphone use can be most safely and effectively targeted by school and social interventions.
Differences of Impulsiveness by groups
Since the Barrett Impulsiveness Scale Ⅱ is considered more of a trait measure of impulsiveness, the result of this study that showed higher impulsiveness in ASPUG, suggested that impulsiveness is an important risk factor for the development smartphone addiction. Lee et al(2007) [7] reported that impulsiveness was a significant discriminating factor on smartphone use between addictive group and normal group of middle schooler in South Korea. Adolescents would use smartphone more addictively if they have an impulsive personality . Habitual use of smartphone can make adolescents to be addictive user because they have relatively lower control and higher impulsiveness than adults. Thus, various interventions are needed to help those adolescents to use smartphone rightly and to reduce impulsiveness.
Conclusion
In conclusion, this study is significant in that it compared smartphone use, mental health, and impulsiveness between ASPUG and NASPUG. This study results are expected to provide basic materials for the development of a program that helps to recognize both physical and mental problems related to addictive use of smartphones and to educate students on mediation and prevention methods. Recently, smartphones are being popularized quickly with the rapid expansion of the mobile market. Smartphones are very addictive-with more than double the addictiveness of the Internet-and have a better accessibility than computers [22] . Especially, it is recognized that many students have problems with smartphone use, and thus aggressive measures should be taken to prevent them from being addicted to smartphones. Besides, considering that the age of children first using smartphones is going down, It is important to educate smartphone use at elementary school. As smartphones mean more than the tools of communication for many students, various measures should be sought to lead students to the appropriate use of smartphones rather than unconditionally regulate students' smartphone use.
